Prostate cancer incidence is sensitive to screening practices, however the impact of recent screening recommendations from the United States Preventative Services Task Force on prostate cancer incidence by age, stage, race, and Gleason score is unknown. This study described the timing and magnitude of changes in prostate cancer incidence trends in the United States by month of diagnosis, and evaluated trends by age, Gleason score, and stage at diagnosis. We analyzed prostate cancer incidence trends using Surveillance, Epidemiology, and End Re-
Introduction
Prostate cancer is the most commonly diagnosed malignancy in American men with incidence trends being sensitive to screening [1] . Following the introduction of prostate specific antigen (PSA) screening for prostate cancer in the 1980's, the incidence rate increased to a peak of 237 per 100,000 per year among U.S. males in 1992 and has gradually declined since that time.
In 2008, the United States Preventive Services Task Force (USPSTF) issued a Grade D recommendation (recommend against) for PSA screening in men 75 years of age and older [2] . In 2009, the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial reported no difference in prostate cancer-specific mortality in screened and unscreened men and the European Randomized Study of Screening for Prostate Cancer (ERSPC) found a small benefit for routine PSA screening [3, 4] . Subsequently, the USPSTF issued a grade D recommendation regarding PSA screening in men of all ages, considering the limited benefit of and potential risks associated with prostate biopsy and cancer overtreatment [5] . This USPSTF recommendation was presented in a draft document in October 2011 and final recommendation released May 2012. Previous studies have predicted decline of localized prostate cancers [6] and the long-term risk of an increase ORIGINAL RESEARCH of metastatic prostate cancer [7] following the discontinuation of PSA screening.
The U.S. Surveillance, Epidemiology, and End Results (SEER) program, based on data through 2012 and using year as the unit of time for trend analysis, reported trends of prostate cancer incidence declining in the SEER 9 regions by −1.8% per year annual percent change (APC) from 2000 to 2010 and by −12.5% APC from 2010 to 2012 [8] . In 2007, the prostate cancer rate was 174.9 and it dropped down to 114.1 in 2012 in the SEER 9 regions [8] . While there has been a significant decline in prostate cancer incidence, the full impact of the PLCO and ERSPC findings and recent USPSTF recommendations on prostate cancer incidence rates remains uncertain. Recent incidence trends have not been reported according to age at diagnosis, Gleason score, or stage at diagnosis, characteristics that are highly relevant in considering the impact of evolving screening practices. Precise timing of the change in trends may be better understood by evaluating a unit of time smaller than 1 year, as annual rates can mask the within-year trends [9] . We sought to describe the timing and magnitude of changes in prostate cancer incidence trends by month of diagnosis, and to evaluate trends by age, Gleason score, and stage at diagnosis.
Methods
We identified all malignant prostate cancer cases diagnosed in the SEER 18 registry areas 1 January 2007 through 31 December 2012 using SEER*Stat [10] . We excluded all cases with an unknown age at diagnosis or unknown month of diagnosis. We used 2007 as a start point to estimate trends prior to the 2008 recommendation. At the time of this data analysis, 2012 was the most recent year considered complete for cancer surveillance. Because of an interest in the precise timing of any change in incidence trend, we estimated monthly incidence rather than annual incidence rates. Monthly age-standardized incidence rates were calculated in a manner similar to SEER*Stat method for annual agestandardized incidence rates. Rather than using the number of cases diagnosed within a year and the annual population counts, we calculated the monthly age-standardized incidence using the number of new cases diagnosed within a given month as the numerator and the monthly population based on the population year of diagnosis as the denominator.
Trends in prostate cancer incidence over time were analyzed using JoinPoint software [11] . JoinPoint finds between one and four straight line segments that best fit the shape of the data. Using a Monte Carlo Permutation method [12] , the program tests which number of line segments is the closest to the time pattern of the data. The JoinPoint model also estimates the percent change per unit time in each segment. All APC values were tested against the hypothesis that the slope was equal to zero, using a two sided test based on a t-distribution and an alpha of P < 0.05.
A JoinPoint model was fit for overall prostate cancer incidence, and then separate models were fit for subgroups by age at diagnosis: (45-54, 55-64, 65-74, and 75 and older). We estimated incidence of prostate cancer by grade as defined by Gleason score: low grade (Gleason score ≤6), intermediate grade (Gleason score = 7), and high grade (Gleason score = 8, 9, or 10). For stage at diagnosis, we used AJCC TNM Classification and Stage Groupings, 6th edition [13] , and classified tumors into groups: I/II, III, IV, and unknown. Stage I and II were combined due to the small number of prostate cancer cases diagnosed at stage I. For race and ethnicity, we used the following groups: non-Hispanic Whites, Hispanic (any race), Black (non-Hispanic), American Indian or Alaskan Natives (non-Hispanic), and Asian or Pacific Islander (non-Hispanic). The number of JoinPoint segments for these sub-analyses were restricted to not exceed the number detected in the overall analysis.
Results
There were 349,517 prostate cancer cases diagnosed in the 18 SEER registries from 2007 to 2012 (Table 1) . Gleason score was unknown for 6.5% of cases and stage was unknown for 7.7%. For the trend analysis, we excluded 71 cases with unknown age and 3300 cases with an unknown month of diagnosis (<1% of the total), resulting in 346,217 cases for analysis ( Table 1 ). The JoinPoint analysis detected two significant changes in prostate cancer incidence trends during this period (Fig. 1A) . The first was in December 2007, from −19.4% APC to −2.5% APC and the second in May 2011, when the incidence rate began another steep decline, −19.6% APC (Table 2) (Fig. 1D) . Beginning in March 2011, the rate declined at a much faster rate (−24.2% APC). There was little change in the incidence of stage III prostate cancer until March 2011, when it started to decline (−16.7% APC) at a slower rate than the stage I/II cancers. The incidence of late-stage disease did not change during the observed period (0.7% APC). The incidence of unknown cancers declined at a constant rate over the observed period (−5.3% APC).
When trends were examined by race and ethnicity, we found that prostate cancer incidence as decreased for all groups over time (Fig. 1E ). The steepest decline in incidence was after 2011. Non-Hispanic whites had the earliest (March 2011) and steepest (−23.8% APC) change in rates. They were followed by Asian and Pacific Islanders (April 2011, −20.9% APC). Incidence rates for Hispanics and Blacks both declined starting in June 2011, but the decline was not as steep as non-Hispanic whites (−18.2% APC and −17.6% APC respectively). These differences in declines were not statistically significant. American Indian and Alaskan Natives had a small, steady decline (−4.9% APC) over the whole study period.
Discussion
Our analysis of prostate cancer incidence trends by month of diagnosis, age, grade and stage found the change in screening recommendations was followed by a steep decline in prostate cancer incidence, as predicted by previous studies [6, 7] . The best estimate of the timing of the start of the recent steep decline in prostate cancer incidence was in May 2011, before release of the draft recommendation by the USPSTF but after publication of the PLCO and ERSPC results.
The goal of prostate cancer screening is to detect highrisk tumors while they are treatable and potentially curable. Unfortunately, prostate cancer screening strategies with PSA and digital rectal exam are not specific for high-risk disease and often lead to diagnosis and overtreatment of lower risk tumors that may not impact survival. In our analyses, the steepest reduction in the 2011-2012 time period was for low-grade tumors and for cancers in stage I or II. Because men diagnosed with low-grade tumors and earlystage cancers have a low prostate cancer-specific mortality, the decline in their incidence reflects reduced detection of tumors with little benefit from diagnosis and treatment relative to risks ratio [14] . However, some of cancers with higher prostate cancer-specific mortality, high-grade prostate cancer and stage III cancers, also declined in 2011-2012.
The slopes for the decline beginning in 2011 were similar for all age groups. When the entire study period (2007-2012) is considered, the greatest decline in prostate cancer incidence was seen in men 75 and older, although the differences between the age groups were not statistically significant. This is consistent with the earlier release of the 2008 USPSTF recommendation discouraging screening for this age group. However, this decline is not as drastic until after March 2011, which further expands the trends that have been seen in SEER data through 2009 by age group that suggested an effect of the 2008 USPSTF recommendations [15] . It also supports that previous studies have shown varying levels of impact of USPSTF recommendations on prostate cancer screening recommendations given by primary care providers to their patients [15] [16] [17] [18] [19] .
Racial and ethnic differences in the decline of prostate cancer incidence may be due to differences in PSA screening or mortality. Non-Hispanic white men and black men Decline in Prostate Cancer Incidence K. A. Herget et al.
have historically had higher rates of PSA screening compared to Hispanics or other races [20] , and therefore it is not surprising that non-Hispanic white men had the largest rate of decline. Additionally, prostate cancer incidence and mortality is significantly higher in black men [8] and black men are diagnosed at a younger age and have traditionally had higher PSA levels at diagnosis [21] . Following the 2012 guideline change, non-Hispanic white males were the only racial group to significantly decrease their rates of PSA testing [22] . The drop in PSA screening among white men combined with the higher risk profile for black men may be leading to the small racial differences observed here.
Trend analyses are sensitive to the selection of time intervals, and trends may be attenuated if there are not enough data points. The SEER program-reported trend of −12.5% for 2010-2012 was detected by JoinPoint based on three annual incidence estimates, the minimum number of data points required to describe a trend [2] . Our analysis by month estimated the trend to be steeper, −19.6% APC, and to start later, in May 2011. The two analyses also differ in the numbers of registries included and ranges of years examined. Our estimates of monthly prostate cancer incidence may be imprecise due to reliance on population denominators that were only available annually. However, the impact should be minimal as population growth in the SEER 18 catchment areas was <1% per year over the time period examined. This analysis is based on descriptive epidemiology data representing 28% of the U.S. population. Changes in cancer incidence trends in general are affected not only by screening patterns but also by changes in cancer risk factors and population demographics. However, we believe that changes in risk factors or population demographics are less likely explanations for the observed short-term steep decline in prostate cancer incidence than changes in screening.
One report has documented a decline in newly diagnosed low-risk and high-risk prostate cancer cases after the recommendation change [23] , however, this analysis was limited to cancer counts rather than incidence rates, and was not population-based. Using population-based cancer registry data, the present study documents the changes in prostate cancer incidence trends coinciding with the release of the PLCO and ERSPC studies and recent USPSTF PSA screening recommendations by month of diagnosis. Decreasing detection of low-grade prostate cancer in elderly men will likely have a positive public health impact, but there is concern that some high-grade tumors will go undetected with evolving PSA screening practices. Since prostate cancer incidence data are available only through 2012, additional surveillance data are needed to determine the long-term impact of declining PSA screening on prostate cancer diagnosis and mortality, particularly with regard to the incidence rate of stage IV cancers. 
